Daily rhythms in oxygen consumption were demonstrated in liver and skeletal muscle of male rats. Rhythms were observed only in skeletal muscle of females and in some cases there appeared to be a sex difference in the overall level of respiration. Respiration rhythms were not found in cardiac muscle of either sex. The effect of adrenalectomy upon the rhythms was examined. This indicated that the adrenal does not determine the phasing of the rhythms but does control the basal level of tissue oxygen uptake.
INTRODUCTION
Daily rhythms in feeding (Richter, 1927 ; Siegel & Stuckey, 1947 ;  Gilbert & James, 1956;  Siegel, 1961; Balagura & Coscina, 1968) and activity (Richter, 1922 (Richter, , 1927 Browman, 1937; Bolles & Ogilvie, 1966) in rats are well recorded, together with a number of daily rhythms of physiological processes (Harker, 1957) . However, little information is available concerning endocrine influences on daily rhythms of meta¬ bolic activities in vertebrates (Harker, 1964; Fuller & Snoddy, 1968) . Bellamy, Leonard, Dulieu & Stevenson (1968) examined the daily rhythm in the level of plasma corticosterone in the normal rat in relation to feeding and growth. The suggestion was made that skeletal muscle and liver were growing out of phase by 12 h, and it was postulated that corticosterone exerted an inhibitory influence on growth in the former, and stimulated growth in the latter tissue. The postulate that general body growth conformed to a diurnal pattern, being greatest in the dark, was substantiated by studies on the diurnal rhythm of water and potassium retention in the rat (Bellamy, Goulding & Griffiths, 1969) .
The present work is concerned with the possibility that there is a daily rhythm in the respiratory activity of liver and skeletal muscle of the rat, which might reflect changing demands for aerobically produced energy. The effects of adrenalectomy were also examined in order to define the role of the adrenal in energy metabolism. Daily rhythms in oxygen consumption were observed in skeletal muscle (P =0-01/ 0-001, Table 1 ) of the female rat, but not in liver (Table 2) and cardiac muscle (Table 3 ). The respiration of skeletal muscle was at a maximum between early morning and late afternoon. Again the effect of adrenalectomy was to inhibit the oxygen up¬ take in skeletal muscle and heart and, contrary to the situation in the male liver there was an inhibition of respiration in the female liver.
DISCUSSION
Muscles in both male and female rats showed a low respiratory value with the onset of the dark period. Male rats maintained this low level throughout the dark period, whilst in the female there was an increase in respiration at 01.00 h. The respiratory rhythm in the male rats was parallel with their plasma corticosterone rhythm (Bellamy et al. 1968) , suggesting that the hormone may stimulate oxygen uptake in skeletal muscle. This is consistent with previous work (Palmer, 1966) , when a single dose of cortisol in vivo was found to produce a transient stimulation of the oxygen uptake in skeletal muscle. Although the rhythm in the female tissue did not parallel this observed corticosterone rhythm in the male rat, there was a fall in respiration which corresponded to the decline in the concentration of plasma corticosterone. This suggests that there is a stimulation of oxygen uptake by the hormone.
The lowered respiration of muscle after adrenalectomy, in both sexes, further substantiates the finding that the adrenal hormones stimulate respiration. An exam¬ ination of the action of corticosteroids, of the cortisol/corticosterone type, has revealed that they increase the turnover of muscle protein mainly by stimulating protein utilization (Germuth, Nedezel, Ottinger & Oyama, 1951 ; Ellis, 1956; Faludi, Mills & Chayes, 1964; Bellamy & Leonard, 1965) . Previous work has indicated that the effect of injected corticosteroids on the oxygen uptake of muscle incubated in vitro is mediated through an increase in the activity of the oxidative enzymes, and is not an immediate consequence of an increase in substrate availability. However, the correct interpretation of the diurnal changes in muscle respiration rests on the knowledge of the normal substrate for the oxidative enzymes and the source of adenosine triphosphate for muscle growth. For example, this may come from the plasma as ATP or hexose phosphates during the dark period when the liver is actively metabolizing assimilated food. By this means a large proportion of energy may be obtained without the need for a concomitant increase in respiration. During the light period when the animal is inactive, it may be that endogenous substrates must be utilized aerobically to maintain the muscle in a steady state. In this connexion, previous studies (Dubowitz & Pearse, 1960) have shown that in muscles with a pre¬ dominance of large fibres (as in the vastus lateralis externus muscles of the growing rat), there is a greater concentration of phosphorylase enzymes to oxidative enzymes.
There was a daily rhythm in liver respiration in the growing male rat which fell to a minimal value between 05.00 and 09.00 h and returned to the peak level by 13.00 h. In the female, although there was a significant rise only between 13.00 h and 01.00 h, taking into account the results of Bellamy et al. (1968) , the depression of liver respiration at 09.00 h in the male was associated with a rise in plasma corticosterone, whilst in the female the low value at 13.00 h corresponded to a high level of plasma corticosterone. This, together with results obtained with male adrenalectomized animals, indicates that the adrenal gland suppresses liver respiration, possibly through the secretion of corticosterone.
An examination of the effects of injected corticosteroids, of the cortisol/corticosterone type, on the growth processes in liver, provides evidence for a stimulation of anabolism (Bodansky & Money, 1954) , and thus one would expect an increase in plasma corticosterone during the light period to be accompanied by anabolism and an increase in the demand for aerobic energy. Respiration does increase during this period, although this may not be a direct action of the adrenal hormones but may be due to an increase in assimilation and degradation in the liver after feeding and sub¬ sequent digestion and absorption during the previous dark period. Hence To conclude, it is not easy to define the role played by the adrenal hormones upon daily rhythms in oxygen uptake by these tissues, largely because there are both stimulatory and inhibitory actions occurring throughout the body at the same time. However, it is true to say that, although the adrenal hormones do determine the level of tissue respiration, they do not control the phasing of the rhythms in the tissues discussed. In addition, there is a sex difference in the level of tissue respiration (except in heart) at certain times throughout the 24 h, the higher values appearing predominantly in the females.
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